Apart from the individual genetic background, individual differences in the seeking for novelty and in vulnerability to drug abuse may also be the consequence of critical experiences occurring early in life. There is indeed a growing literature investigating the effects of precocious manipulations upon brain and behavioral regulations in animal models (for a review, see Laviola and Terranova 1998) . In this context, the gradual transition to nutritional and behavioral independence, which NO . 2 takes place at weaning, can well be seen as a centerpiece in development. This is a period of neural and behavioral organization, and hence a potential vulnerability of CNS structures can be hypothesized (Greenough et al. 1990 ). Moreover, whereas the date of weaning is fixed in most rodent studies around the end of the third postnatal week, weaning is a gradual phenomenon under natural conditions (Galef 1981) . Individual differences in the process of separation from the mother might lead to hormonal and behavioral consequences that contribute to the natural variability of phenotypes (Cirulli et al. 1997) .
Apart from the individual genetic background, individual differences in the seeking for novelty and in vulnerability to drug abuse may also be the consequence of critical experiences occurring early in life. There is indeed a growing literature investigating the effects of precocious manipulations upon brain and behavioral regulations in animal models (for a review, see Laviola and Terranova 1998) . In this context, the gradual transition to nutritional and behavioral independence, which takes place at weaning, can well be seen as a centerpiece in development. This is a period of neural and behavioral organization, and hence a potential vulnerability of CNS structures can be hypothesized (Greenough et al. 1990 ). Moreover, whereas the date of weaning is fixed in most rodent studies around the end of the third postnatal week, weaning is a gradual phenomenon under natural conditions (Galef 1981) . Individual differences in the process of separation from the mother might lead to hormonal and behavioral consequences that contribute to the natural variability of phenotypes (Cirulli et al. 1997) .
Experimental manipulation of weaning time in cats and rats has been shown to affect a wide range of facets of the adult behavioral repertoire: specifically, it has been suggested that pups may adaptively respond to precocious weaning by speeding up subsequent development (Bateson et al. 1990 ). Accordingly, when compared with a regular weaning group, animals weaned precociously show a number of behavioral (Martin and Bateson 1985; Terranova and Laviola 1995; Loggi et al. 1996; Terranova et al. 2000) and neurochemical (see e.g. Sharman et al. 1982; Mann and Sharman 1983) changes, which can be regarded as signs of advanced ontogeny. Conversely, it has been shown that weaning itself acts as a developmental stimulus for the expression and onset of functional control of a specific opioid receptor (delta subpopulation), and that a late weaning may delay such development (Muhammad and Kitchen 1993; Kitchen et al. 1994 ; see also Terranova and Laviola 2001) . Dopaminergic CNS systems have been reported to undergo maturation during the pre-and post-weaning period (Rao et al. 1991; Teicher et al. 1995; Moll et al. 2000) . The individual organization of this neurobehavioral system might hence be affected by an early or a delayed separation from the lactating dam. Indeed, age at weaning is reported to affect the development of the dopaminergic system as well as the response to dopaminergic drugs (Cirulli et al. 1997; Laviola & Dell'Omo 1997) .
It has been recently suggested that the activation of brain mesolimbic pathways, which are involved in reward-related phenomena and motivation (Robbins and Everitt 1996; Wise 1996) , share a common neurobiological substrate with the active search of novelty and other natural rewarding sensations (Benjamin et al. 1996; Bardo et al. 1996) . Experimental evidence indicates that the experience of novelty activates the mesolimbic system, because entering a novel environment is associated in rats with an elevation of dopamine levels within the nucleus accumbens (Rebec et al. 1997) . Furthermore, lesions of this area, induced by 6-OHDA, block the expression of novelty seeking behavior (Pierce et al. 1990 ). Thus, the satisfaction of a novelty-stimulated "curiosity" seems to have most of the characteristics of natural rewarding events (Renner 1990) .
Surprisingly, only few data are available upon the effects of a manipulation of the weaning variable upon novelty seeking and drugs' reinforcing effects (see e.g. Laviola and Dell'Omo 1997) . The first aim of the present study was to assess whether the manipulation of weaning time would account for individual differences in a specific behavior, such as novelty seeking, that has been correlated with vulnerability to drugs of abuse in both animals (Bardo et al. 1996; Dellu et al. 1993; Laviola et al. 1999 ) and humans (Wills et al. 1994; Zuckerman 1994) . The second aim of the present work was to assess the effects of either precocious or delayed weaning upon the locomotor response to amphetamine (AMPH) as well as AMPH-related incentive conditioning. To address these aims, animals underwent either a precocious (on postnatal day (pnd) 15) or a delayed (on pnd 27) weaning, and were compared with a control group of mice weaned regularly (on pnd 21). When adults, animals were tested in two experimental settings. In Experiment 1, acute and carryover AMPH effects, as well as levels of spontaneous novelty seeking, were assessed. In Experiment 2, a separate group of animals was tested in order to assess weaning-related changes in the actual strenght of drug-induced place conditioning. In both experiments, profiles of locomotor sensitization following repeated psychostimulant administration were also investigated.
MATERIALS AND METHODS

Subjects, Breeding, and Rearing Conditions
Mice of the outbred CD-1 strain, without prior breeding experience, were purchased from a commercial breeder (Charles River Italia). On arrival, mice were housed in an air-conditioned room (temperature 21 Ϯ 1 Њ C, relative humidity 60 Ϯ 10%), with a reversed 12-hr lightdark cycle (lights on at 9:00 P . M ). Water and food (Enriched Standard Diet purchased from Mucedola, Settimo Milanese, Italy) were available ad libitum. After two weeks, breeding pairs were formed and housed in plexiglas cages (33 ϫ 13 ϫ 14 cm). After approximately two weeks, the male was removed, and the females were housed individually and inspected daily for delivery. Although only male subjects were used in the present experiment, litters were culled to six males and three females on pnd 1 (to avoid potential carry-over effects of rearing animals in a sexual segregation condition during the pre-weaning period, see Laviola and Dell'Omo 1997) . Separate litters were randomly assigned to three different weaning groups, namely, precocious (Wean-15), regular (Wean-21), or delayed (Wean-27). On pnd 14, all litters were given some food pellets on the floor of the cage, to facilitate independent feeding at an early stage (Laviola and Terranova 1998) . At weaning, the mother was removed, three littermates being housed in each cage (33 ϫ 13 ϫ 14 cm). Sibling mice within each litter were assigned to separate experimental groups. All animals were tested at adulthood (pnd Ͼ 60).
Apparatus
The experimental apparatus consisted of an opaque Plexiglas rectangular box with smooth walls, subdivided into two compartments (20 ϫ 14 ϫ 27 cm). The connecting door between the two compartments could be closed by means of a temporary partition. Two cues, one visual and one tactile, were associated with each compartment. One compartment was white and had a wide-mesh floor, whereas the other one was black and had a narrow mesh floor. Each compartment was provided with four infrared photobeams, placed on the wall (2 cm above the floor). Each beam interruption caused by a mouse was recorded by an IBM computer equipped with custom software. The floor of the apparatus was cleaned after each animal was tested. The following measures were obtained automatically: (1) time spent in each compartment; and (2) activity rate in each compartment (number of beam interruptions per second). The whole session was automatically subdivided into 5-min intervals. The whole experimental schedule took a total of six days, each subject from all three age groups being tested between 10.00 A . M . and 6.00 P . M . Testing of different experimental groups was counterbalanced across time. The test was carried out under dim illumination. The same two-compartment apparatus was used in both experiments.
Experiment 1: Novelty Preference Paradigm
One compartment of the apparatus (white side) was the familiar one, whereas the other compartment (black side) was the novel one (see Laviola and Adriani 1998) . The preference for the novel compartment has been shown to be independent from the environmental cues provided (Bardo et al. 1993) .
Day 0: Familiarization . Animals were marked on the tail, and immediately placed for 20 min in the familiar compartment of the apparatus.
Days 1, 2, 3: Pre-treatment period . Animals were weighed and randomly assigned to a regimen of AMPH injections (0, 1, or 5 mg/kg i.p.) within each litter. Immediately after the injection, animals were placed in the familiar compartment of the apparatus for a 20-min session.
Day 4 (wash-out) . A wash-out interval of 48 h was left between the last day of pre-treatment (Day 3) and the test (Day 5), in order to avoid the influence of residual circulating levels of AMPH during the testing session.
Day 5: Novelty preference test . Mice were randomly assigned for a challenge with either saline (SAL) or a standard AMPH dose (1 mg/kg). Animals were weighed, injected i.p. and immediately placed in the familiar compartment, for a 20-min session. The partition separating the two compartments of the apparatus was then removed, and mice were thus allowed to freely explore the whole apparatus (both the familiar and the novel sides) for 15 min.
Experiment 2: Place Conditioning Paradigm
The white compartment of the apparatus was the drugpaired one, whereas the other compartment was the SAL-paired one. This "biased" procedure is often reported in the literature on place conditioning (see Laviola et al. 1994) .
Day 0: Familiarization . Animals were marked on the tail, and allowed to freely explore the whole apparatus for a 20-min session, in a drug-free state.
Days 1, 2, 3: Pairing period . On each of these days, all animals were injected with SAL and placed in the black compartment of the apparatus for a 20-min session. Mice were then returned to their own cages for a 5-min rest period. At the end of this period, animals were injected with AMPH (0, 1, 2, 3.3, or 5 mg/kg i.p.) and placed in the white compartment of the apparatus for a 20-min session. This procedure was not counterbalanced, i.e. AMPH administration always followed the SAL injection, to avoid potential residual AMPH effects that would interfere with the SAL-pairing to the other compartment. Within each litter, a control mouse received a SAL injection before being placed in either compartment. Only five mice per litter were used in this experiment.
Day 4. A 48-hour interval was left between the last pairing and the test.
Day 5: Place conditioning test . Mice were allowed to freely explore the whole apparatus for a 20-min session, in a drug-free state.
Drugs
D-amphetamine (AMPH) sulfate was dissolved in saline (SAL, NaCl 0.9%) and injected i.p. in a volume of 1 ml/100g body weight. AMPH doses were chosen in the range of those used in previous studies (see Laviola and Adriani 1998; Adriani et al. 1998) . Doses are expressed in salt weight.
Design and Data Analysis
Data were analyzed separately by a split-plot ANOVA (Chiarotti, Alleva, and Bignami 1987; Winer 1971) , where the litter was the block variable: weaning was a between-litters factor, whereas all the other variables were within-litter factors. Experiment 1. The general design of the experiment was a 3 weaning (pnd 15, 21, or 27) ϫ 5 litter ϫ 3 treatment history (0, 1, or 5 mg/kg AMPH dosage) ϫ 2 challenge (testing day dose: 0 or 1 mg/kg of AMPH) ϫ 2 phase (Before or After the partition opening), as well as repeated measures on the same individual. For reasons of symmetry, in the 20-min session before the partition opening, only the first 15 min were considered, and these were compared with the 15-min session which followed the partition opening. A side variable (Familiar or Novel) was specifically used to analyze activity data following partition opening. Separate analyses were performed when allowed by a significant main effect of a given factor. Multiple comparisons within a significant interaction were performed using the Tukey HSD Test. Experiment 2. In order to study the development of sensitization to AMPH, we analyzed data on activity rate expressed within the drug-paired compartment during the pairing period. The dependent variable was the percentage increase of locomotor activity, shown by drug-treated mice, calculated respect to the level expressed by the control SAL-injected sibling within each litter. Similarly, in order to study the incentive properties of AMPH, we analyzed data expressed during the place-preference test. The dependent variable was the percentage increase of time spent in the drug-paired side, shown by drug-pretreated mice, calculated with respect to the level expressed by the control SAL-injected sibling within each litter. The general design of the experiment was a 3 weaning (pnd 15, 21, or 27) ϫ 6 litter ϫ 4 dose (1, 2, 3.3, or 5 mg/kg AMPH), as well as repeated measures on the same individual.
RESULTS
Experiment 1: Novelty Preference Paradigm
Activity rate. As a whole, the animals' activity rate was higher after the opening of the partition than before (main effect of phase, F 1,9 ϭ 426.24, p Ͻ .01), thus confirming that the discovery of a novel environment produces a marked arousal in mice. AMPH-related acute effects, conditioning and sensitization were then examined in the first phase of the test (before the partition opening).
A main effect of the challenge was found in the general ANOVA (F 1,9 ϭ 21.11, p Ͻ .01), thus confirming the expected AMPH-induced hyperactivity. In order to investigate potential carry-over influences of differential weaning upon the acute response to AMPH, a preliminary statistical analysis was limited to activity data from animals which underwent a treatment history with SAL, i.e. mice receiving the drug for the first time (see white bars in Figure 1 ). Interestingly, the ANOVA revealed a significant interaction of challenge, weaning and phase (F 2,9 ϭ 6.54, p Ͻ .05). Multiple comparisons revealed that acute AMPH effects on locomotion were only observable in adult animals that were weaned regularly ( p Ͻ .01), whereas the same dose failed to induce any change in the other two weaning groups.
To evaluate conditioning , a separate analysis was also performed on data from the group injected with SAL on testing day. A significant treatment history by phase interaction appeared (F 2,18 ϭ 19.57, p Ͻ .01). Specifically, a clear-cut and dose-dependent conditioned increment in activity rates was evident, in animals with an AMPH 5 treatment history (see Figure 1 , left side of each panel). Interestingly, time of weaning also affected the expression of the conditioning profile (weaning X treatment history X phase, F 4,18 ϭ 4.57, p Ͻ .01). In particular, AMPH 1 treatment history animals from the regular Wean-21 group showed a significant conditioned elevation of activity levels, when compared with the corresponding SAL treatment history controls ( p Ͻ .01). Conversely, no reliable evidence of conditioning to the AMPH 1 dose was found for the other weaning groups.
To evaluate the development of sensitization , drug effects were evaluated within AMPH treatment history groups (see Figure 1) . The general ANOVA yielded a significant weaning X challenge X treatment history interaction (F 4,18 ϭ 2.56, p Ͻ .05). Specifically, within the Wean-15 and Wean-21 groups, no significant effect of the AMPH challenge was found (namely, no significant differences between AMPH-challenged and SAL-challenged mice were evident) within AMPH treatment history groups. In these two weaning groups, a significant difference between AMPH 5 and SAL treatment histories was actually found in AMPH-challenged mice, but the latter was already evident in SAL-challenged mice (see above): Such effect is an evidence of conditioning, not sensitization. Conversely, within the Wean-27 group, the difference between AMPH 5 and SAL treatment history mice was much greater within the AMPH-challenged group than it was within the SAL-challenged group. In this weaning group, the AMPH challenge actually induced a significant hyperactivity (when compared with the corresponding SAL-challenged group) in AMPH 5 treatment history mice. This is noteworthy, since no significant effect of the AMPH challenge was found within the SAL treatment history group for Wean-27 mice (as reported above). In conclusion, repeated administration of the high drug dose potentiated the subsequent response to the AMPH challenge. Such an evidence of sensitization was only limited to lateweaning mice, and was conversely absent in the other two weaning groups.
During the novelty seeking test (i.e. after the partition opening, see Figure 2 , upper panels), activity rates followed a classical habituation profile (repeated mea-sures, F 2,18 ϭ 82.01, p Ͻ .01), and were also under the influence of the side variable (familiar vs. novel environment). Indeed, a main effect of side (F 1,9 ϭ 113.01, p Ͻ .01) revealed that mice were in general less active in the novel environment than in the familiar one. Furthermore, in order to investigate potential carry-over effects of differential weaning and of each animal's treatment history, a separate analysis was carried out on data from the SAL-injected group. A four-way significant interaction of weaning, treatment history, side and repeated measures was found (F 8,36 ϭ 3.05, p Ͻ .01). As a whole, weak and not reliable effects of treatment history appeared (data not shown). Interestingly, time of weaning strongly affected the baseline profile, expressed by mice with a SAL treatment history. As expected (see Laviola and Adriani 1998) , when compared with the familiar one, a significant reduction of activity in the novel compartment was found. Interestingly, Wean-15 mice discriminated clearly between the two sides of the apparatus at the early beginning of the test session (p Ͻ .05), whereas the other two weaning groups expressed such a phenomenon around the middle of the session (ps Ͻ .05). As a whole, acute effects of an AMPH challenge were in the direction of a further reduction of activity in the novel environment (challenge X side interaction in the general ANOVA, F 1,9 ϭ 6.24, p Ͻ .05). However, no significant effects of either weaning or treatment history emerged on this profile (data not shown).
Novelty seeking. Following the opening of the partition, all subjects exhibited as expected a marked preference for the novel environment. The ANOVA carried out on data from the SAL-injected group revealed a significant interaction of weaning, treatment history and repeated measures (F 8,36 ϭ 3.19, p Ͻ .01). As a whole, weak and not reliable effects of treatment history were found (data not shown). Interestingly, time of weaning strongly affected the baseline novelty seeking profile (shown by SAL treatment history groups, see Figure 2 , lower panels). Specifically,when compared with the regular Wean-21 group, mice from the Wean-15 group spent significantly more time in the novel compartment at the beginning of the session (p Ͻ .05), with levels of novelty seeking showing a fast decline thereafter. Interestingly, late-weaning (Wean-27) mice spent as a whole significantly more time in the novel environment (p Ͻ .05), than the other two weaning groups (see also inset in Figure 2) .
As expected on the basis of previous work , the ANOVA carried out on data from the AMPH-challenged group revealed carry-over effects of treatment history with the same drug (treatment history X repeated measures, F 4,36 ϭ 2.86, p Ͻ .05). Specifically, AMPH 1 treatment history mice showed consistently lower levels of novelty seeking than the corresponding SAL treatment history controls, whereas an opposite profile was evident for those subjects with an AMPH 5 treatment history. Since no significant carry-over effects of time of weaning were found, data are not shown.
Body weight.
To monitor the influence of repeated AMPH administration, animals were weighed during the whole experiment. The ANOVA yielded an interaction between day and treatment history (F 6,126 ϭ 4.26, p Ͻ .001). Specifically, animals which underwent a repeated AMPH 5 administration were associated with a significant decrease (approximately 2.3%) in body weight on days 2 and 3 of the pretreatment period, when compared with the SAL treatment history group. No significant carry-over effects of time of weaning were found (data not shown).
Experiment 2: Place Conditioning Paradigm
Assessment of sensitization. The development of sensitization to drug effects was analyzed by carrying out an ANOVA on activity data from the pairing period (see Methods). Specifically, levels of locomotion expressed on the third day were compared with those expressed on the first day of the schedule (see Figure 3) . A main effect of dose (F 3,45 ϭ 27.4, p Ͻ .001) confirmed the expected dose-dependent increment in locomotion induced by the drug. The ANOVA yielded a main effect of day (F 1,15 ϭ 8.75, p Ͻ .01), that is, drug effects were significantly more marked on the third day than on the first one. Interestingly, significant carry-over effects of weaning appeared in the AMPH-induced sensitization profile, as confirmed by the finding of a weaning by day interaction (F 2,15 ϭ 4.12, p Ͻ .05). Specifically, within the Wean-27 group, AMPH-treated subjects showed much higher drug-induced hyperactivity on day 3, when compared with day 1. Conversely, such a profile was not found in the other two weaning groups. Such a finding indicates that sensitization to the activating effects of repeated AMPH administration developed more readily within the late-weaning group.
Place conditioning. On testing day, in the absence of significant carry-over effects of the weaning variable (F 2,15 ϭ 3.42, ns), a slight baseline preference for the black compartment appeared (see Table 1 ). In order to Only drug-naive subjects are presented. After 20 min spent in the familiar and pretreatment-paired compartment, a partition was removed, and mice were allowed free-choice access to a novel compartment of the apparatus for a single 15-min session.
* p Ͻ .05 in multiple comparisons performed between the novel and the familiar compartment; $ and # p Ͻ .05 in comparison to novelty seeking levels shown by regularly weaned subjects (Wean-21 group): assess the incentive properties of AMPH, an ANOVA was carried out on the percent increment in the preference for the drug-paired side, shown by drug-pretreated mice on testing day (see Figure 4) . As expected, the analysis yielded a main effect of dose (F 3,45 ϭ 4.52, p Ͻ .01), all the four AMPH doses producing a significant preference for the drug-paired compartment, with a peak at the AMPH 3.3 dose. Interestingly, an inverted U-shaped dose-response curve was found, the effect of the AMPH 5 dose reaching similar levels to that of the AMPH 1 dose.
The ANOVA also yielded a main effect of weaning (F 2,15 ϭ 4.93, p Ͻ .05). Specifically, the preference profile for the drug-paired compartment was significantly more marked in Wean-15 mice, when compared with the other two groups. Weaning and dose variables however did not interact (F 6,45 ϭ 0.29, ns), thus suggesting an upward shift in the dose-response curve (see Discussion).
DISCUSSION
As a whole, present data can be summarized as follows: 1. In Experiment 1, the unconditioned activating effects as well as the profile of drug-conditioned hyperactivity produced by a low AMPH dose were associated only with adult mice that were weaned regularly (Wean-21). Overall, the novelty seeking behavior was much more marked in mice that underwent a delayed weaning (Wean-27). 2. In Experiment 2, AMPH produced a clear-cut conditioned place preference for the drug-paired compartment. Interestingly, the magnitude of the drug-induced place conditioning was significantly more marked in precociously weaned mice (Wean-15), when compared with the other two weaning groups. 3. Both experiments provided evidence that, as a consequence of repeated AMPH administration, the development of a sensitization profile to the activating drug effects was particularly prominent in Wean-27 mice.
Acute and Carry-over Effects of AMPH on Locomotion
Experiment 1 allowed the assessment of acute AMPH effects, as well as carry-over effects of repeated treatment with the same drug. Acute administration of a low standard AMPH dose (1 mg/kg) produced a classi- During the pairing period of Experiment 2, control mice received a SAL injection before being placed in either compartment. On testing day, mice were allowed to freely explore the whole apparatus during a single 20-min session in a drug-free state. cal hyperactivity profile in regularly weaned mice only, while no significant drug effects were found for the Wean-15 and Wean-27 groups. Consistently, following repeated administration of a low AMPH dose (1 mg/ kg), a clear-cut and dose-dependent conditioning profile was observed (within the SAL-injected group on testing day) only in those animals that underwent a regular weaning, whereas no significant conditioning effects were found within the Wean-15 and Wean-27 groups upon this dose. Hence, as a long-term consequence of either precocious or delayed weaning, a reduced sensitivity to the 1 mg/kg dose (i.e. a shift to the right in the dose-response curve) can be suggested for the unconditioned locomotor effects as well as for the locomotor conditioning effects of AMPH. The present results indicate that manipulation of weaning time (i.e. either precocious or delayed weaning) was associated with important alterations in those CNS regulatory pathways, targetted by AMPH, which are responsible for unconditioned and conditioned hyperactivity.
Carry-over effects of weaning time on the development of sensitization to AMPH locomotor effects were assessed in both experiments. In Experiment 1: Within the Wean-27 group, as a consequence of the repeated pretreatment with the high AMPH dose, the AMPH challenge was able to produce a hyperactivity profile. This is noteworthy, since no reliable drug effects characterized mice receiving AMPH for the first time. In other words, although the AMPH challenge failed to induce any change in SAL treatment history mice, it did actually produce a significant increment of locomotion in the AMPH 5 treatment history group (i.e. it was now effective). The development of a sensitization phenomenon was thus revealed by the AMPH challengein late-weaning mice. Interestingly, such a profile was not found for the other two weaning groups.
A similar picture was also suggested by data from Experiment 2. Specifically, in the late-weaning group, subjects receiving repeated AMPH administration showed much higher drug-induced hyperactivity on the third day, when compared with the first day of the schedule. Such a profile was not found in either Wean-15 or Wean-21 animals. Possibly, additional days of AMPH administration were needed by these animals to reach similar levels of sensitization. Therefore, at least with the doserange used, sensitization to the locomotor effects of a repeated AMPH administration readily developed only within the late-weaning group. As a whole, data from both Experiment 1 and Experiment 2 indicated that manipulation of age at weaning markedly affects the threshold for the development of sensitization to AMPH effects following repeated drug administration.
Novelty Seeking and Novelty-induced Arousal
As expected on the basis of previous reports (Misslin and Ropartz 1981; Bardo et al. 1996 ; Laviola and Adriani 1998), data from Experiment 1 indicated that, following the opening of a partition, all subjects showed a novelty-induced arousal as well as a clear-cut preference for the novel environment. Important carry-over effects of the manipulation of weaning time were found, in that the profile exhibited by Wean-15 mice consisted of a quick attraction for the novel environment, which was followed by a monotonic habituation trend. The latter may perhaps be ascribed to either a fast loss of interest for the novel environment, or to an increased distractibility (see e.g. Robbins et al. 1989 ). It might be interesting to note that such a behavioral profile toward novel stimuli characterized adult subjects which underwent a precocious separation from their mother. On the other hand, an opposite behavioral profile was exhibited by subjects allowed to stay longer with the dam. In fact, Wean-27 mice spent overall more time in the novel environment than the regular-weaning control group. Hence, a delay in weaning age resulted in adult individuals exhibiting a longer exploration of the novel environment.
It has been reported that levels of locomotion expressed during the exploration of the novel compartment are lower than those exhibited in the familiar one; that is, a slight behavioral inhibition is usually associated with a novel environment (Misslin and Ropartz 1981; Bardo et al. 1996; Laviola and Adriani 1998) . Indeed, during exploration of a novel environment, mice are reported to express both approach (sniffing and smelling) and avoidance (stretched attend, stretched advance) reactions. This behavioral profile has been considered as an expression of risk assessment, i.e. a byside effect of concomitant assessment of potential danger in a completely unknown environment (Blois-Heulin and Belzung 1995; Blanchard et al. 1990; see discussion in Laviola and Adriani 1998) . In the present study, a certain degree of behavioral inhibition was expressed in the novel environment always in association with peak levels in novelty seeking. Hence, a nice correlation was observed between novelty seeking and novelty-induced behavioral inhibition. Both these behavioral profiles were observed at an early timepoint during the session, as a long-term consequence of precocious weaning.
From an eco-ethological perspective, these results do indicate that manipulation of weaning time is able to exert an important long-term influence on the shaping of the individual response to novel stimuli. These findings appear to be highly relevant for the issue of individual variability in "coping styles" as a function of early life events (see also Laviola et al. 1999; Cirulli and Laviola 2000) .
AMPH-induced Place Conditioning
As a whole, all the four AMPH doses tested in the present experiment produced a significant place prefer-ence for the drug-paired compartment. The dose-response curve consisted of an inverted U-shaped profile, with place preference increasing regularly to reach a peak at the 3.3 mg/kg dose, and decreasing thereafter. As a consequence, the levels associated with the AMPH 5 dose resulted actually similar to those of the AMPH 1 dose. Such a biphasic profile is not surprising. Indeed, following repeated administration of high AMPH dosages, adult rodents usually exhibit sensitization of stereotyped behavioral activity (Staton and Solomon 1984; Stewart and Badiani 1993) . It can be hypothesized that the excessive arousal, repeatedly induced by high AMPH dosages during the pretreatment phase, might have produced, together with observable stereotypies, unobservable aversive effects ("poor welfare," see Laviola et al. 1994 Laviola et al. , 1995 Laviola and Adriani 1998) , which were associated with the drug-paired compartment. Hence, a certain degree of conditioned aversion might have added to the background of incentive conditioning, causing a devaluation in the conditioned preference for the drug-paired side during the test (Baker et al. 1998 ; for a review, see Laviola et al. 1999) .
Manipulation of weaning time strongly affected the profile of AMPH-induced place conditioning in adult subjects. In particular, drug-conditioned effects were significantly more marked in Wean-15 mice, when compared with the other two weaning groups. Consistently, previous reports associated early weaning with an increased sensitivity to cocaine's rewarding properties (Laviola and Dell'Omo 1997 ) and a higher responsivity to the modulatory effect of a delta-opioid agonist (Terranova and Laviola 2001) , along with a numberof other neurobehavioral effects (Terranova and Laviola 1995; Loggi et al. 1996; Terranova et al. 2000) . It seems important to note that manipulation of weaning time did not produce any leftward or rightward shift in the dose-response curve. Indeed, the latter reached a maximum at the 3.3 mg/kg dose and decreased at the 5 mg/ kg dose in all three weaning groups. The consequence of a precocious weaning was rather to enhance the magnitude of the place preference produced by each given dose. In other words,precocious weaning produced an upward vertical shift, rather an horizontal shift, in the dose-response curve (see Schenck and Partridge 1997; Piazza et al. 2000) . A horizontal shift would indicate that a given dose in Wean-15 animals was equivalent to either a higher or lower one in control regular-weaning animals. This would perhaps suggest a change in pharmacokinetics and pharmacodynamics, leading to either reduced or increased drug levels at the active brain sites. Conversely, an upward vertical shiftpossibly suggests that increased synaptic and/or postsynaptic effects are produced by similar drug levels at the active brain sites. Such findings may suggest that the incentive efficacy of AMPH is somewhat increased in mice as a carry-over effect of precocious weaning.
Behavioral Consequences of Precocious and Delayed Weaning
Adult mice belonging to the late weaning group were associated with both elevated levels of spontaneous novelty seeking and a prominent sensitization to the activating effects of repeated drug administration. Since D1 receptors are known to mediate both behavioral sensitization and novelty seeking (Pierce et al. 1990; Bardo et al. 1993) , present data may suggest an increased function of the D1 receptor subtype in lateweaning mice. Interestingly, a quite similar behavioral profile has been recently observed in mice during periadolescence (see Adriani et al. 1998) , who also overexpress D1 receptors (Gelbard et al. 1989; Teicher et al. 1995) . As for the elevated levels of novelty seeking behavior, it should be considered that the experience of novelty in a free-choice paradigm has been associated with dopamine release in reward-related brain areas (Rebec et al. 1997) . It is possible to hypothesize that these animals may adopt a specific behavioral strategy (consisting of elevated novelty seeking levels) in the attempt to reach the threshold and stimulate the brain reward system, which is possibly set up at a low basal level (Stamford 1989) . Similarly, the stress-response system has been reported to be basically down-regulated in rodents both during periadolescence (Choi et al. 1997; Adriani and Laviola 2000) and in adult subjects as a long-term consequence of delayed weaning (Cook 1999) . From these evidences, a common neurobehavioral profile might characterize rodents both during periadolescence and in adulthood as a consequence of delayed weaning. It might hence be suggested that allowing animals to keep staying longer with their dam results in adult individuals that somewhat retain adolescent features.
A quite opposite profile was found in the case of subjects weaned precociously. Present results strongly indicate an increased sensitivity to AMPH-related positive reinforcing properties in these animals, as measured in a conditioned place preference paradigm. Similarly, an increased sensitivity to cocaine's rewarding effects has been reported in subjects weaned precociously (Laviola and Dell'Omo 1997) , suggesting an increased sensitivity to psychostimulant-induced incentive conditioning. Since D2 receptor activation is known to be needed for the acquisition of place conditioning (Beninger et al. 1989) , present data may suggest an increased function of the D2 receptor subtype in subjects weaned precociously. Moreover, Wean-15 mice from the present study were shown to be readily attracted by the novel environment, to which however they quickly habituated. This picture suggests a reduced threshold for novelty-induced reward. Precocious weaning might produce an elevation in the basal dopaminergic tone (see e.g. Sharman et al. 1982; Mann and Sharman 1983) .
As a whole, delayed weaning was associated in adult mice with enhanced AMPH-induced sensitization, whereas animals weaned precociously were more responsive to AMPH-conditioned incentive effects. This finding suggests a dissociation, in the long-term effects of manipulating the weaning time, between two important behavioral processes usually associated with a repeated AMPH administration (namely, place conditioning and the development of behavioral sensitization to drug effects). Actually, the neural pathway from ventral tegmental area to nucleus accumbens has been indicated as a neurobiological substrate for behavioral sensitization (Kalivas and Stewart 1991; Robinson and Berridge 1993) , whereas the amygdala has been classically associated with a major role in drug-induced place conditioning (Everitt et al. 1991; McDonald and White 1993) . A divergent degree of functional maturation of these two CNS areas cannot be excluded in the different weaning groups from the present study (see e.g. Cooke et al. 2000) . Indeed, dopaminergic receptor systems have been reported to undergo maturation during the pre-and post-weaning period (Rao et al. 1991; Teicher et al. 1995; Moll et al. 2000) , and the maturation of dopamine release appears to be site-dependent (Gazzara et al. 1986 ). Interestingly, previous ontogenetic studies with place conditioning reported an elevated sensitivity to both cocaine and AMPH between postnatal days 15 and 22 in mice (Laviola et al. 1994) , whereas the ability to induce an adult-like profile of behavioral sensitization does not mature until pnd 21 (Ujike et al. 1995; Fujiwara et al. 1987) . The individual organization and functional interplay between these two separate neurobehavioral systems might thus be affected differently by an early and more dramatic (or vice versa a delayed and perhaps less stressful) separation from the lactating dam.
CONCLUSION
The present study can be viewed in the light of the studies carried out by Bateson and colleagues (1990) , which suggested an accelerated behavioral development as an adaptive response to precocious weaning, and conversely a delayed maturation as a (mal)adaptive response to late weaning. Present results confirm and extend previous observations suggesting that manipulation of weaning time, within a natural range of variation, is a powerful determinant of adult individual phenotype, affecting important aspects of the animal's neurobehavioral repertoire, namely (1) the behavioral reaction to both forced (see Loggi et al. 1996) and freechoice novelty (present data); and (2) the activating and affective properties of highly potent and addictive drugs, such as cocaine (Laviola and Dell'Omo 1997) and AMPH (present data).
In conclusion, natural changes in the time of weaning is one source of behavioral variability between individuals. This has potential implications for the issue of early life events as important risk factors for the development of a number of behavioral disorders, including drug abuse.
